Outbreaks of waterborne gastroenteritis continue to occur in developed countries. Darfield, a rural town in the South Island of New Zealand experienced an outbreak of campylobacteriosis following a transgression of Escherichia coli on 16 August 2012. A descriptive outbreak investigation was performed. As a result, 29 cases had a laboratory-confirmed diagnosis of campylobacteriosis and 138 were identified as probable cases. Heavy rains, contamination of water with animal effluent from nearby paddocks and failures in the treatment of drinking water led to pathogens being distributed through the town's water supply. A multi-barrier approach is advocated to ensure the quality of water and many countries have legislation or programmes to address this. Although legislation for water safety plans based on a multi-barrier approach is in place in New Zealand, at the time of the outbreak it was not a requirement for the Darfield water supply. In addition, despite the awareness of the importance of a multi-barrier approach, competing interests, including those from the agricultural industry and financial restraints on water suppliers, can prevent it from being implemented. Governments need to be more willing to enforce legislation and standards to protect the public from waterborne disease.
INTRODUCTION
Outbreaks of waterborne gastroenteritis occur all too frequently in developed countries. Perhaps the most widely known outbreak and one that had implications for water suppliers around the world occurred in Walkerton, Ontario where over 2,000 people became ill and seven people died following contamination of the drinking water supply with be adhered to and water safety plans (WSPs) to be written for suppliers servicing more than 500 people. These enteritis had occurred since mid-July. Early laboratory results indicated several cases had campylobacteriosis.
The pump was replaced on 22 August and following three days of repeated water testing negative for coliforms and E. coli, the boil water notice was lifted on 21 August.
METHODS

Case investigation
A questionnaire was developed that focused on the drinking water supply as the likely source of the outbreak as well as including questions about other risk exposures. Notified cases had questionnaires completed by telephone interviews and others were self-completed following distribution at the public meeting, through the Selwyn District Council offices, the medical centre and a local community website. Questionnaires were checked for quality and completeness of responses and cases were contacted for further information if required, before the questionnaire data were entered into a database.
The case definitions used were as follows.
A person who had been in Darfield between 14 July and 30 August 2012, who was not overseas during the 10 days before the onset of symptoms and for whom there was no medical or other likely explanation for their symptoms and who either had: (i) diarrhoea and/or abdominal pain with fever -for at least 1 day (probable case of campylobacteriosis); or (ii) laboratory-confirmed campylobacteriosis (confirmed case).
Laboratory investigation
Symptomatic cases were requested to provide stool samples for testing. All specimens were tested for Campylobacter, Salmonella, Shigella, Yersinia and norovirus and where the stool was fluid Giardia and Cryptosporidium were also tested for.
Children under 6 years were additionally tested for rotavirus, and if stool was blood-stained, for E. coli 0157. Stool samples were taken from chicken and sheep in paddocks close to the well on 17 September and tested for the presence of Campylobacter. Isolates were analysed by pulsed field gel electrophoresis (PFGE) with SmaI and KpnI restriction enzymes using the standardized PulseNet protocol (Gilpin et al. ) .
After cases were notified to the C&PH, one-off water samples were taken from a residential water tank on 27 August, and the infiltration gallery in use at the time of the transgression and the Waimakariri River on 10 September.
Environmental investigation
Information was requested from the District Council regarding water supply monitoring, including treatment parameters and water usage and information on rainfall and Waimakariri River flows from the regional council, Environment Canterbury (ECan). A site visit was also conducted to inspect the wells, the chlorinator and the reservoir.
Statistical analyses
A descriptive analysis was performed on the data from the questionnaires using SPSS Statistics (SPSS Inc. ). Duration of illness was estimated by duration of the most prolonged symptoms.
RESULTS
Laboratory investigations
Thirty-five cases submitted stool samples of which 29 were positive for Campylobacter. Twenty-three samples were positive for C. coli, three were also positive for C. jejuni and one for Giardia. Three cases were positive for C. jejuni only, and for three cases no further subtyping was done. All cases of C. coli had the genotype Sm0131:Kp0132 (Figure 1 ). All specimens (where tested) were negative for Salmonella, Shigella, Yersinia, Rotavirus, Norovirus and E. coli 0157.
The water samples taken from the Waimakariri River, the infiltration gallery and residential water tank were all negative for Campylobacter. This may have been due to the time period between the transgression and the sampling and the absence of heavy rainfall at the time of sampling. Sixteen sheep stool samples were taken, four of which were positive for C. jejuni and one for C. coli. The C. coli strain (genotype Sm0132:Kp0133) isolated in sheep was very closely related to the strain isolated from human cases (Figure 1 ).
Analysis of questionnaires
One hundred and nine cases met the definition for probable campylobacteriosis, of whom 94% lived in Darfield. The characteristics of the cases are documented in Table 1 and the ages of cases in Figure 2 . Confirmed and probable cases had similar proportions of symptoms, as shown in Table 2 .
There was no commonality of risk factors other than all cases having drunk unboiled water from the local water supply. The local bakery was the most frequented food premise with 35% of cases consuming its products. The most common sites for recreational water contact were public swimming pools, with 17% of cases visiting these. Thirtyfive per cent of cases had contact with children in nappies.
Animal contact was common: 84% had contact with a household pet, 24% with a farm animal and 5% with another animal.
Environmental investigation
Infiltration gallery 3 (the only one in use at the time of the transgression) was situated in a small recession in an unsecure privately owned paddock approximately 100 metres from the Waimakariri River and 12 metres below a cliff bounded by predominantly agricultural land. The well head was not fenced off and farm animals had grazed in the paddock although it was not known how recently. At the time of the transgression the chlorine cylinder was empty and the 'empty' alarm mechanism had been disconnected. The freely available chlorine (FAC) analyser and the turbidity analyser had also not been calibrated, making readings unreliable.
Between 30 July and 16 August heavy rains (164 mm) had fallen in the area. Although the river levels had risen only modestly, recorded turbidity levels in the water supply had doubled by the 15 August. Figure 4 shows the relationship between rainfall, recorded chlorination and turbidity, and campylobacteriosis incidence. While no direct microbiological link was demonstrated between the cases and the local water supply, the combination of several potential causative factors strongly suggests the water supply was the likely source of the outbreak. Heavy rainfall and increased turbidity preceded the transgression. In the absence of significant filtration and without any effective disinfection by chlorination pathogenic organisms would have been able to enter and survive in the drinking water supply. In addition, the only common risk exposure among cases was having drunk unboiled water from the local water supply.
DISCUSSION
Although E. coli and coliforms were found on microbial sampling of the supply on 16 August, it is likely, given the incubation time for campylobacteriosis, that the major contamination event probably occurred around 13-14 August. In this outbreak only one case was hospitalized and no fatalities occurred. Confirmed and probable cases had similar 
